Purpose: To study the effect of posterior blepharitis on meibomian glands using infrared meibography and to correlate the results with tear film parameters. Methods: This is a prospective cohort study. The study included eyes from two groups: 86 eyes of healthy volunteers' eyes and 72 eyes with posterior blepharitis. Participants were examined, and diagnosis of posterior blepharitis was achieved clinically based on signs of posterior blepharitis. Clinical assessment of dryness was performed including slit lamp examination looking for signs of posterior blepharitis, tear breakup time (TBUT), superficial punctate keratopathy (SPK), Schirmer II test (with anesthesia) and meibum score. Non-contact meibography was performed for both upper and lower eyelids using the meibo-grade system which involved distortion of meibomian gland, shortening and dropout. Results: Lid margin abnormalities (Telangiectasia, lid margin swelling and hyperemia) were all significantly higher in the posterior blepharitis group. SPK, meibum score, meibography dropout, distortion, shortening, and total meibography were all significantly higher in the posterior blepharitis group as well as meibum score (P value < 0.001). TBUT was significantly shorter in the posterior blepharitis group (P value < 0.001). There was no significant difference between the two groups in Schirmer's II test. Conclusion: Meibography can be a helpful non-invasive tool for the clinical evaluation of the extent of the anatomical damage in patients having meibomian glands loss due to posterior blepharitis. Knowing the extent of damage in meibomian glands may help in selecting the appropriate treatment modality and expect the response to treatment in patients with posterior blepharitis.
Introduction
Blepharitis is a term that describes a wide group of disorders that cause an inflammation of eyelid margin and adjacent ocular surface. Eyelid margin anomalies consist of varied clinical entities which many of them have been identified as significant contributing factors to the dry eye syndrome. 1, 2 Blepharitis is a common chronic disease whose etiology is poorly understood. It is a common eye condition and affects both children and adults. 2 Lindsley et al. categorized blepharitis in several different ways. The first group is based on the length of disease process: acute or chronic blepharitis while the second group is based on the anatomical location of the disease: anterior (e.g. staphylococcal and seborrheic blepharitis), and posterior blepharitis. 3 McCann LC et al. showed significant differences in his study when he compared tear physiology and meibomian gland function in patients with blepharitis and normal patients without blepharitis using different clinical parameters such as tear evaporation rate which was higher in blepharitis group. 4 His study also demonstrated by meibography a significant meibomian gland dropout in blepharitis group with thicker and more opaque meibum. 4 With the use of meibography, the structure of the meibomian glands, including the ducts and acini can be observed and assessed. 5 The non-contact meibography was introduced in 2008 by Arita et al. 6 In the non-contact meibography technique, the light and dark contrast of the meibomian glands is opposite that of contact technique in that they appear light instead of dark.
Our aim was to study the effect of posterior blepharitis on the function of meibomian glands and to assess and compare between meibomian glands in posterior blepharitis patients and normal population using infrared meibography and to correlate the results with tear film parameters.
Methods
After obtaining the approval of the Institution Review Board and obtaining a written informed consent from each participant, a prospective cohort study was performed on patients visiting King Abdulaziz University Hospital (KAUH) in Riyadh from April 2015 to April 2016. The study was conducted according to the principles contained in the Declaration of Helsinki.
The study included eyes from two groups: healthy volunteers' eyes and eyes with posterior blepharitis.
Exclusion criteria included contact lens wearers, systemic or ocular diseases that would interfere with tear film production or function, continuous eye drop use, eyes with sequelae of trachoma, facial nerve weakness and any eyelid surgery including cryotherapy or electrocautery treatment for trichiasis. The participants were examined, and the diagnosis of blepharitis was achieved clinically based on signs of blepharitis.
The clinical examinations of dryness and ocular surface were performed including slit lamp examination of the lids, conjunctiva and cornea were performed before and after fluorescein staining. Lid margin telangiectasia, lid margin swelling and lid margin hyperemia were noted. Tear breakup time (TBUT) was measured after fluorescein instillation and was represented by the time elapsed from the last complete eyelid blink until appearance of the first dry spot on the cornea. It was measured 3 times consecutively and the mean value was taken for analysis. Superficial punctate keratopathy (SPK) in the cornea was classified into four grades: no SPK anywhere on the cornea (grade 0); no SPK at the central cornea (grade 1), mild SPK at the central cornea (grade 2), and severe SPK at the central cornea (grade 3). 7 Non-contact meibography was performed on both upper and lower eyelids separately, using the meibo-grade system which was developed and validated by Call et al. 8 . Normal morphology of the meibomian glands of the upper eyelids appears to be thinner and longer as compared with the lower eyelids which are broader and shorter. ( Fig. 1 A and B) . The meibo-grade system involves distortion of meibomian gland, shortening and dropout. Gland distortion is abnormal gland to tarsus ratio and/or tortuous glands and/or discordant pattering of glands ( Fig. 2A ). Gland shortening is gland not extending from the eyelid margin to the opposite edge of the tarsal plate ( Fig. 2B ). Gland dropout is zones of meibomian gland dropout ( Fig. 2C ). Each category was graded from 0 to 3 based on the extent of eyelid involvement: grade 0, no significant eyelid involvement; grade 1, less than 33% involved; grade 2, 33% -66% involved; grade 3, more than 66% involved. Then a maximal score of 9 represented complete gland dropout in the lid. Recorded video meibography image of each individual was used to evaluate the appearance of the meibomian glands. Schirmer II test (with anesthesia) was performed to evaluate aqueous production. Meibum score was then performed by applying digital pressure on the tarsus and the degree of ease with which meibomian secretion was evaluated as follows: grade 0, clear meibum easily expressed; grade 1, cloudy meibum expressed with mild pressure; grade 2, cloudy meibum expressed with more than moderate pressure; grade 3, meibum not expressed even with hard pressure. 9
Data analysis
Data were collected and stored in a spreadsheet using Microsoft Excel 2010 Ò software. Data management and coding were then done in Excel. Data were analyzed using SPSS Ò version 22.0 (IBM Inc., Chicago, Illinois, USA).
Results
The study included a total of 86 eyes of 43 healthy volunteers' eyes (25 male and 18 female; mean age ± SD, 58.6 ± 6.3) and 72 eyes of 36 blepharitis patients (21 male and 15 female; mean age ± SD, 63.5 ± 9.0). Table 1 shows the lid margin abnormalities between the two groups. Telangiectasia, lid margin swelling and hyperemia were all significantly higher in the blepharitis group. Comparison between the two groups in tear film parameter showed significant abnormality in the posterior blepharitis group (Table 2) . TBUT was significantly shorter in the posterior blepharitis group. SPK and meibum score were significantly higher in the blepharitis group. Meibography dropout, distortion, shortening and total meibography were all significantly higher in the blepharitis group. There was no significant difference between the two groups in Schirmer's II test.
We have conducted several correlation studies between meibography of both eyelids and TBUT, and meibum score. We found that TBUT was inversely correlated to dropout in meibography, which means the higher the glands dropout in meibography the lower the TBUT in patients with posterior blepharitis (P = 0.035). SPK and Meibum score were also correlated to glands dropout in meibography of the posterior blepharitis group. We found the higher the glands dropout in meibography the higher the SPK and Meibum score (P < 0.003) and (P < 0.001), respectively.
Discussion
Blepharitis is a common chronic disease with a significant impact on the ocular surface. 1,2 Mathers et al. reported that most patients with blepharitis have some degree of meibomian gland dysfunction, and they used meibography to show glands dropout and ductal occlusion. 10 Lid margin abnormalities that can be seen in posterior blepharitis include telangiectasia, swelling and hyperemia which were significantly higher in the blepharitis group in our study, Jester et al. found that this finding is related to abnormalities of keratinization of the ductal epithelium which Table 1 . Comparing lid margin abnormalities between posterior blepharitis and Normal eyes (n = 158 eyes).
Characteristic
Posterior ultimately result in plugging of the meibomian gland orifice and increased tear film evaporation. 11 This reflects the importance meibomian glands in the production of the lipid layer in tear film. 12 Meibography was first described in 1977 by Tapie who used woods light to fluoresce meibomian ducts on biomicroscopy and infrared light to illuminate the meibomian gland on IR photography. 13 Non-contact meibography uses slit lamp biomicroscope with infrared filter digitally image an everted eyelid with no light probe needed which makes this technique easier for patients' cooperation and easier to use than other techniques.
Arita et al. 6 used a scoring method based on area of gland dropout that they termed the ''meiboscore.'' While evaluating gland dropout is critical, Call et al. 8 believed other visible meibography changes are also important to consider. These changes are gland distortion and gland shortening; they also added in their study some additional change to the meiboscore described by Arita et al. 6 and termed the result meibograde. 8 Meibography can be of value in the evaluation of meibomian glands morphology in normal and diseased eyelids. 14 Age was found to be a causative factor of progressive reduced quality, meibomian gland secretion and meibomian glands dropout. 15, 16 Meibography dropout, distortion, shortening and total meibography were all significantly higher in the posterior blepharitis group in our study with upper eyelids more affected than the lower eyelids. McCann et al. who also showed a significant gland dropout in blepharitis group compared to controls. However, the dropout score was the same or greater for the lower lids than for the upper lids in their study. 4 The reason behind the difference of the eyelid predominantly involve in the two study is not clear. The different racial and environmental settings may play a role.
There was no statistically significant difference in Schirmer's II test between the two groups. This indicate that the aqueous tear production by lacrimal gland may not be affected in patients with posterior blepharitis.
Management of posterior blepharitis is often a source of frustration due to several factors such as lack of correlation between signs and symptoms, complex etiology, poorly understood pathophysiology, and historically limited range of diagnostic tests. 17 As a result of these factors, different treatment options with variable response are available. Meibography can be a helpful non-invasive tool for the clinical evaluation of the extent of the anatomical damage in patients having meibomian glands loss due to posterior blepharitis. Knowing the extent of damage in meibomian glands may help in selecting the appropriate treatment modality and expect the response to treatment in patients with posterior blepharitis.
In conclusion, meibography is a clinical as well as diagnostic tool to observe the meibomian gland morphology and evaluates patients with MGD. Upper eyelids were much more affected than the lower eyelids when we compared the total meibography (0-9) of the blepharitis upper eyelids to the blepharitis lower eyelids. TBUT, SPK and meibum score are correlated to the status of meibomian glands and meibography which were significantly different in the blepharitis group.
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